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Introduction
Sitting posture is as a common aggravating factor for pain both at the cervical and lumbar spinal regions [1] [2] [3] . Extended periods of sitting are also associated with increased discomfort at the neck and upper and lower back regions; defined as manifestations of perceived tension, muscle fatigue or soreness, numbness and feeling of pain [4] [5] [6] . The physiotherapeutic goals of optimising sitting habits are not only logical but absolutely essential considering the large amounts of time spent sitting in modern society. Additionally, a systematic review reveals the annual prevalence of pain within the general population as 17-75, 15-35 and 22-65% at the cervical, thoracic and lumbar spinal regions, respectively 7 .
It is the physiotherapist's role to implement sitting postural advice to patients for the management, recovery and prevention of recurring spinal pain and to increase public awareness on key health issues 8, 9 . For postural interventions to be effectively implemented within physiotherapy, it is important that quantification of asymptomatic individuals sitting posture is fully understood.
Firstly, this will allow spinal pain sufferers to be evaluated against a normative population and so ensure practice is evidence based 10 .
Secondly, understanding differences between habitual (HSP), subjectively perceived ideal (SPIP) and theoretically optimal sitting postures gives direction for future intervention. For example, if a clinically significant imbalance lies between these postures, intervention is required to optimise the postural habits of the general public.
What is optimal spinal sitting posture? Pynt et al. 11 suggest that there is no one optimal sitting posture, nor should a single posture be sustained. Static postures negatively affect vertebral disc nutrition 12 and lead to hampered blood supply and discomfort 13 . Healthy sitting is best thought of as an active posture 13 . Active components of flexion and extension need to be incorporated to break up Licensee OA Publishing London 2013. Creative Commons Attribution Licence (CC-BY) F : Mabb SP, Bettany-Saltikov J, Hodgson DA. Habitual, perceived ideal and neutral sitting postures within an asymptomatic young adult population: muscle activity and sagittal spinal curvature. OA Musculoskeletal Medicine 2013 Aug 01;1(2): 16. static periods during sitting 13 . Static periods should result in minimal amounts of tissue stress and muscle activity 11 .
Panjabi 14 within an in vitro study identified the 'neutral zone', a range in the middle of physiological intervertebral motion with minimal internal resistance. When maintained outside of this 'neutral zone', compressed tissues become dehydrated and shortened, and tissues under traction become dehydrated and affected by creep, leading to increased risk of spinal injury 15, 16 . This suggests that a spinal position within the 'neutral zone' may therefore be optimal for the static periods within healthy sitting.
Currently, there is no clinical measure of neutral spinal posture. Within clinical practice, a neutral spinal posture is facilitated when all spinal regions are in positions which are neither fully flexed or fully extended 17 . This position is subjectively judged by the physiotherapist 17, 18 . However, subjective interpretation is not evidence based and prone to error 19, 20 . Objective measures of posture are likely to improve the determination of clinical progress 21 . It is therefore a purpose of this study to provide quantification of the neutral sitting posture, a posture which can be considered optimal when incorporated into healthy sitting habits.
Quantification of sitting posture
Panjabi 14 identifies passive (vertebrae, discs and ligaments) and active (muscles and tendons) structures which influence spinal stability. These structures are considered when evaluating the spine in sitting 13 . The gold standard for analysing active structures is electromyography (EMG) 22 . Intramuscular electrodes have increased ability to distinguish between the source of electrical activity 23 , however, their application is often not possible due to the requirement to pierce the skin 24 . With some degree of error due to cross talk, surface EMG (SEMG) is an appropriate method for adequately representing muscle activation levels, including the deep muscles external oblique (EO) and internal oblique (IO) 24, 25 .
The gold standard method for quantifying spinal posture, from which inferences for passive structures can be made is roentenography (x-rays) 26 . However, due to expense and radiation exposure, its use is precluded from many research studies as well as routine clinical practice 27 . Alternative methods are vast and frequently floored due to limited clinical relevance 26 .
Neutral compared to perceived ideal and habitual sitting postures
Ambiguity surrounding the term neutral is made apparent with ergonomic texts providing varying qualitative descriptions of the neutral spine posture. Three main descriptions have been classified as 'neutral': 'flat lower thoracic and lumbar posture (flat)', 'lordosis at both lower thoracic and lumbar regions (long lordosis)' and 'thoracic kyphosis with lumbar lordosis (short lodosis)' 28 .
Furthermore, quantification of neutral spinal posture also varies. Burnett et al. 18 suggest that a neutral lumbar lordosis is 50% of complete lumbar range of motion (ROM), whilst O'Sullivan et al. 29 suggest ~30% away from complete lordosis.
Burnett et al. 18 identified that a perceived 50% of full lumbar ROM made greater levels of axial rotation possible, compared to end range flexion and extension. Increased axial rotation is achievable due to reduced internal resistance and strain on spinal structures 18 . This supports Panjabi's 14 theory of reduced tissue strain at mid-range, and identifies 50% ROM as a position to achieve this.
Comparison of 'neutral' sitting postures and sitting postures independently adopted by asymptomatic individuals is not well understood. Only one study has included the comparison of the HSP, SPIP and neutral sitting posture 29 . With quantification of sagittal lumbar posture between the L4 and L1 spinal levels, increased kyphosis was noted during HSP compared to the SPIP and neutral sitting posture (p < 0.05) 29 . O'sullivan et al. 29 give reference to a frequently observed thoracic extension during the SPIP which with no analysis could not be quantified. Stolinski and Kotwicki 30 support this, finding that when given the instruction to 'stand up straight' (advice commonly used by the general population to correct posture), children introduced greater levels of lordosis in the lower thoracic spine (relaxed 6.5 ± 7.8O vs up straight −2.3 ± 8.1O).
Muscle activity levels vary significantly across different upright unsupported sitting postures 23 . Activity of key postural muscles the superficial lumbar multi-fidus (SLM) and deep cervical flexor muscles, have been shown to differ between the neutral sitting posture and a posture in which patients were asked to 'sit up straight' 17 .
Overall, disparity appears to exist between the HSP, SPIP and neutral sitting postures. Literature is however limited regarding their complete and objective analysis. Furthermore, lack of consensus to what a neutral sitting posture constitutes brings ambiguity to conclusions made. Neutral sitting posture (NSP) within the current study will be defined by a combination of the Falla et al. 17 and Burnett et al. 18 
Materials and methods

Study design
A single session, same-subject design was used with one independent variable sitting posture with three levels (HSP, SPIP and NSP) and two dependant variables spinal analysis with six parameters (upper and lower cervical, upper and lower thoracic and upper and lower lumbar spinal angles) and muscle analysis with five parameters (CES, TES, SLM, IO and EO).
Participants
A convenience sample of 24 participants (including 12 females) was recruited from the School of Health at Teesside University. Mean age, height and weight were 27.3 years (standard deviation (SD) ± 6.3) (range: 19-45 years), 172 cm (SD ± 8.1) and 71.8 kg (SD ± 13.2), respectively. Ethical approval obtained from the School of Health & Social Care Research Governance and Ethics Committee at Teesside University, and written informed consent was obtained prior to testing. Participants were included if they had no spinal pain requiring intervention within the past year and no known spinal disorder.
Instrumentation
Spinal posture
Spinal posture analysis incorporating all spinous process (SP) from C2 to L5 was carried out using the Microscribe 3DX digitiser (Immersion Corporation, San Jose, California, USA) ( Figure 1 ). The device is capable of providing analysis of spinal curvature in the frontal, sagittal and horizontal planes 20 . For the purpose of the current study, attention was given to the sagittal plane, due to its current application within the sitting posture literature.
EMG
EMG recordings were collected using a 16-channel Biopac system (Model MP100; Biopac Inc, California, USA), using bipolar active surface electrodes (Type TSD 150B, 11.4 mm diameter, electrode spacing 20 mm, Biopac Inc, USA), with 3 dB 12-500 HZ band pass and X350 built-in amplification, and sampled at 1,000 Hz. Digitising and processing of the data was carried out using AcqKnowledge software version 3.7.3.
Procedure
Participants
were sufficiently uncloaked (a backless t-shirt provided if desired) and sat on the edge of a plinth. The author palpated and marked all SP's (from C2 to L5) using a hypoallergenic pen. Skin preparation for EMG electrodes included shaving and cleaning the electrode site with 70% Isopropyl (PDI, UK). The electrode surfaces were then prepared with a coating of hypoallergenic conductive gel (Lectron II; Pharmaceutical Innovations Inc, New Jersey, USA) and secured to the skin using 5 cm width hypoallergenic fixative tape (Hypafix; smith & Nephew Healthcare Ltd, UK). Previous authors have identified no differences in muscle activity between the left and right sides during unsupported sitting 31, 32 .
Surface electrodes were therefore situated ipsilaterally on the right hand side of the body. Electrodes were orientated in the estimated direction of the muscle fibres 33 . Muscles included CES, TES, SLM, IO, EO and an Ag/Cl disposable ground reference electrode (Blue sensor M-00-S/50; Ambu, Denmark) (acromion process) ( Figure 2 ) 31, 32 .
All muscles were normalised to maximal voluntary isometric contractions (MVIC) as carried out by O'Sullivan et al. 32 and Netto and Burnett 34 . MVIC's performed three times, held for 3 seconds, and with 30 seconds rest between repetitions.
For sitting analysis, participants sat unsupported (no back support) on a plinth of individualised height, with buttocks fully supported, feet flat on floor, hips at 90 degrees and hands palms up on knees 17, 35 . Ten seconds rest was provided between all sitting postures. Spinal posture analysis incorporated placing the Microscribes stylus tip on to the premarked SP's and depressing a remote to store the location of the SP as a data point. EMG analysis was done over a 5-second time period. See Figure 3 or sitting analysis procedure.
Data management
Electromyographical data processing
All raw traces post-manual ECG cleaning (see Supplementary Figure 1 ) had a 20 Hz high pass filter applied and processed using a root mean square moving window of 25 ms duration. The mean MVIC amplitude for each muscle was calculated 32 . Mean amplitude was calculated as a percentage of the MVIC (%MVIC).
Spinal region computation
Spinal region angles were calculated by summing the inter-vertebral angles (see Supplementary Figure 2 ) within each spinal region (Table 1) . With each posture adopted three times means were then calculated. 
Statistical analysis
Statistical analysis was carried out using the Statistical Package for Social Sciences (SPSS) for windows version 20 (SPSS Inc, Chicago, Table 1 Intervertebral levels included within each spinal region.
Spinal region
Inter-vertebral angles IL, USA). Spinal posture data were analysed using a repeated measures analysis of variance (ANOVA) as all standardised residuals were normally distributed (p > 0.05). The Greenhouse-Geisser correction was used when sphericity was not assumed (Mauchley's test, p > 0.05). Tukey's post hoc test with Bonferroni correction was used for further analysis with confidence intervals (CI) presented. EMG data were analysed using the Friedman's ANOVA (due to the assumption of normality not being met (p < 0.05). Further differences were identified using the Wilcoxon signed-rank tests with Bonferroni correction (crtitical value = 0.05/3). CI was not calculated for muscle activity data due to the likely hood of bias and inaccuracy when used for non-parametric data 36 .
Results
Muscle activity
Normalised muscle activity within the three sitting postures can be seen within Figure 4 . There were no significant differences identified between the three sitting postures for the SLM (p = 0.433) or the IO (p = 0.153) muscles. Significant differences were identified across the sitting postures for the CES (p = 0.000), TES (p = 0.000) and the EO (p = 0.001) muscles (see Table 2 for post hoc analysis).
Spinal posture
There were no significant differences identified between the three sitting postures for the upper cervical (p = 0.786), lower cervical (p = 0.601), upper thoracic (p = 0.555) or lower lumbar (p = 0.776) spine regions (see Figure 5 ). Significant differences were identified across the postures for the lower thoracic (p = 0.000) and upper lumbar (p = 0.000) spine regions (see Table 3 ). 
Discussion
The current study findings identify differences between the HSP, SPIP and NSP. Comparison with the NSP defines the HSP with greater upper lumbar kyphosis, greater activity of the CES and less activity of the TES and EO muscles. When compared with NSP, the SPIP was defined by a decrease in lower thoracic kyphosis and no differences in muscular activity. These differences between the HSP, SPIP and the NSP (a posture with the proposed benefit of inducing minimal internal resistance of the spine) suggest an increased risk of spinal pain with HSP and SPIP. On this basis, education which aims to optimise healthy sitting habits should place emphasis on the benefits of midrange sitting postures.
Interpretation of spinal posture analysis
This study found a decrease in lower thoracic kyphosis during the SPIP compared to both the HSP and the NSP. Similarly, decreased lower thoracic kyphosis has been found within a population of children when moving from relaxed to standing with a 'straight back' (6.5 ± 7.8O vs −2.3 ± 8.1O (difference extremely significant)) 30 . Increased upper lumbar lordosis during the SPIP and NSP compared to the HSP was also found within the current study. A mean difference of −2.64O and 95% CI of −5.31 to 0.02, between the SPIP and NSP may suggest a type II error, and that with increased statistical power, a difference may have been established 37 . It may therefore be suggested that extension at the lower thoracic and upper lumbar spine regions during the SPIP stems from anecdotal advice amongst the general public to 'sit up straight' 38 . An educational message to change such anecdotal advice maybe beneficial.
There were no statistically significant differences identified across sitting postures at the upper thoracic spine region. This is potentially explained by the reduced mobility of the upper thoracic spine (T1-T6) compared to the lower thoracic spine (T6-T12) 39 .
The achievement of a mid-range posture can be suggested optimal for inter-vertebral disc (IVD) health. Sato et al. 40 identify IVD pressure at the L4-L5 level during flexed, upright and extended sitting postures as 1.13, 0.63 and 0.74 megapascels (MPa), respectively. Increased IVD pressure is associated with degeneration 13 . This suggests degeneration can be reduced by midrange sitting postures 40 . It should be considered that spinal pain is a complex disorder with numerous modulating factors including somatic, psychological and social domains [41] [42] [43] . Nevertheless, degenerated IVD's are a recognised source of pain within chronic spinal pain sufferers 44 .
As noted, the HSP and SPIP significantly differed to the relatively midrange NSP at the upper lumbar and lower thoracic regions. Direct comparison with the Sato et al. 40 study cannot be made as spinal angles were not provided. An in vitro study has however identified that an inter-segmental angle change of ~8O alters intervertebral disc pressure by greater than 50% 45 . This suggests that mean differences between spinal postures in the current study (see Table 3 ) may significantly influence IVD pressure resulting in increased degeneration. Caution should, however, be taken with this assumption as the Microscribe has not yet been validated against the gold standard roentenography, to which sagittal spinal angles calculated with alternative surface tracking devices have been shown to differ 23 .
The NSP may have proposed benefit over the SPIP and HSP for zygapophyseal joint health at the upper lumbar and lower thoracic spine regions. Zygapophyseal joint pain in a random sample of 500 with chronic thoracic spine pain was identified (using controlled local anaesthetic block) as the source of pain in 42% (95% CI: 30 to 53%) and in the lumbar spine in 31% of participants (95% CI: 27 to 36%) 44 . Adams et al. 46 identified that loading of the IVD reduces the disc space and causes increased loading on the zygapophysial joints. Relative to the HSP, increased lordosis at the upper lumbar spinal region during the NSP may cause a beneficial shift of weight from the IVD to the zygapophysial joints 38 . With greater statistical power, a reduced lower thoracic kyphosis may have been found for the NSP compared to the HSP (mean difference 3.01O, 95% CI: −0.29 to 6.32) (a possible type II error) 37 , suggesting a potential beneficial shift of weight also for the lower thoracic spine region.
Further, lordotic and kyphotic spinal postures are associated with greater impact on the zygapophysial joint surface 13 . The NSP (at the upper lumbar and lower thoracic spine regions) may have proposed benefit over the HSP and SPIP for load sharing between the IVD and zygapophysial joints 15 . It should be noted that end ranges were not quantified within the current study. Fifty percent of full lumbar ROM during the NSP was subjectively judged by the author. Accuracy would be gained by quantifying mid-range posture; this could be achieved by quantifying end ranges of flexion and extension and positioning participants at 50% of ROM.
Unlike the upper lumbar region, no difference was identified across postures at the lower lumbar spine region; this could be explained by the functional independence of the upper and lower lumbar spinal regions found in previous studies 47 . The sitting postures adopted within the current study may therefore be suggested to have minimal variable effect on the lower lumbar spine (L3-L5). No significant changes in cervical spine posture were found between the three postures which may be explained by a methodological short coming. Black et al. 35 , for example, identified changes in lumbar spinal posture whilst in sitting are associated with changes in cervical spine posture. The Black et al. 35 quantification of spinal posture was carried out using a Meterecom device and calculated cervical spine posture using bony landmarks including the mastoid process, base of cervical spine, T1 and episternal notch 35 . Such global analysis of neck movement has been suggested as an inaccurate method of quantifying and understanding the complex interaction of vertebral segments 39, 48 . It should be considered, however, that the palpation and marking of SP's from C2 to C7 within the current study may have induced greater error at the cervical spine than other spinal regions. Future studies should give consideration to ultrasound as a method of locating cervical SP's. Ultrasound imaging (assessed by roentenography) used by a radiologist identified the correct lumbar spinal level in 71% of participants, compared to 30% by palpation (p < 0.001) 49 .
Interpretation of muscle activity data
The HSP required greater CES muscle activity than both the NSP and SPIP, suggesting a pre-disposition for individuals to experience discomfort 50 . Edmonston et al. 50 , contradictory to the current study, identified no difference between the HSP and NSP for CES muscle activity. This may be explained because Edmonston et al. 50 did not incorporate details regarding cervical spine positioning within their qualitative description of the NSP. Participants instead independently positioned their cervical spine. The current study's findings suggest that the NSP is appropriate for reducing the activity of the CES. This muscle recruitment strategy was also adopted during the SPIP. It should be noted that the short period of sitting during the current study (~3.5 minutes) was not associated with discomfort. Søndergaard et al. 5 identified a period of ~10-15 minutes during unsupported sitting prior to the onset of any neck related discomfort. Further studies are required to confirm a benefit of reduced discomfort at the neck region during the NSP and SPIP.
Increased muscle activity of the global muscles TES and EO were found during the NSP and SPIP, compared to the HSP. Defined as global, these muscles act on the rib cage to control thoracolumbar spine movement 51 . Their activation is considered negative due to increased compressive load on the spine 52 and relatively reduced endurance capacity of the EO compared to the IO 53 . Reduced muscle activity during the HSP requires less effort, giving explanation for its adoption 13 . Increased muscle activity during the SPIP and NSP provides explanation for increased levels of discomfort commonly associated with upright unsupported sitting 54 . It further suggests that the SPIP will also be associated with fatigue and discomfort. This should be taken into consideration when implementing postural education.
For a sitting posture to be considered optimal, muscle activity should be minimal 11 . There were no differences in muscle activity between the SPIP and NSP. Therefore, with regards to the musculature analysed, the SPIP was no better or worse than the NSP. These results conflict with Falla et al. 17 who found that within a sample of 10 chronic neck pain sufferers the SLM was significantly more active within the NSP than the SPIP 17 . This conflict may be explained by the current study's adoption of the qualitative description of the NSP to involve 50% of pelvic ROM to achieve a neutral lordosis. Falla et al. 17 alternatively state 'to roll pelvis forward with the resumption of a neutral lordosis'. The difference between the current study and the Falla et al. 17 study may also be explained by the Falla et al. 17 sample who were chronic neck pain suffers; these participants were furthermore positioned in 100O of hip flexion (compared to 90O within the current study). Small differences in hip angle have been demonstrated to influence SLM muscle activity 54 .
Limitations
Several factors should be considered when interpreting the results of this study. Firstly, it is well recognised that the spinal postures adopted by different people are inherently individual 55 . With consideration to the relatively small sample size of the current study, caution should therefore be given when considering these results as normative data for clinical practice. Secondly, specific consideration was given to sitting postures adopted within resting periods of healthy sitting as defined by Pynt et al. 17 . Movement is, however, considered an essential element of healthy sitting 13 . Furthermore, sitting postures are well recognised to be influenced by variables including the task in hand and the type of chair being used 13 . It should be considered that consideration was given specifically to unsupported sitting and dynamic postures were not quantified within the current study. Lastly, the population sampled within the current study were principally student physiotherapists, with knowledge surrounding anatomy and potentially the sitting posture literature. Future studies should exclusively sample a less informed population.
Clinical implications
The neutral spinal posture is proposed to induce minimal internal resistance of the spine, and therefore, when incorporated within the resting periods during sitting may be considered optimal.
Within the current study, the spinal postures independently adopted mid-range NSP. Physiotherapists when working with individuals to optimise sitting habits should therefore provide information surrounding the benefits of the NSP as a midrange sitting posture. It should be considered that this is with specific consideration to unsupported sitting (without a backrest).
Conclusion
The results of the current study support the hypothesis that the HSP, SPIP and NSP differ in asymptomatic individuals. Differences in spinal posture were at the lower thoracic and upper lumbar spine regions. Reduced lower thoracic kyphosis during the SPIP is likely explained by anecdotal advice amongst the general public to achieve optimal sitting postures by 'sitting up straight'. Increased kyphosis during the HSP is likely explained by its reduced effort to adopt due to lower global muscle activity. CES muscle activity was significantly greater during the HSP, predisposing individuals to discomfort.
The NSP was identified as a relatively midrange posture with reduced CES muscle activity which when incorporated into healthy sitting habits may pose a reduced risk of spinal pain, when compared with the HSP and SPIP.
